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The dependence of stable isotopic analyses in geochemistry and environmental measurements are steadily 
increasing.  However, the ability to compare measurements between laboratories can be quite challenging owing 
to differences in measurement and calibration.  The key to obtaining reliable data is by designing experiments 
which utilize sampling methodologies that represent the environment intended for the study and meet the data-
quality objectives.  These samples in turn must then be calibrated against suitable reference materials containing 
low levels of uncertainty.  The precision and accuracy of the analytical result is directly related to the precision 
and accuracy of the standard used to calibrate the analytical instrument. 
 
The preparation of high quality calibration mixtures which can be used as analytical standards typically requires 
the use of cylinders manufactured from aluminum alloys.  The exact choice of alloy may be governed by local 
authorities.  The cylinder valve selected must also consider material compatibility of the various components in 
the mixture to ensure stability of the mixture.  Traces of moisture and oxygen contained within the cylinder are 
known to cause stability issues in mixtures and pure gases.  Metal surfaces can adsorb water that is tightly bound 
to the surface.  Therefore the use of suitable vacuum baking procedures must be followed.  Calibration gases can 
either be prepared gravimetrically, volumetrically or by dynamic blending.  Each of these methods has its own 
advantages and limitations.  Gravimetric techniques have the advantage of high mass discrimination and the use 
of weights which are directly traceable to national metrology institutes.  One of the most significant limitations o f 
this technique is that the balance used must have a large range and suitable sensitivity for the addition of the 
minor components.  Gravimetric mixtures are prepared by accurately measuring gas additions as measured by 
the increase in mass of the cylinder.  The composition of the mixture is calculated based on the mass of each gas 
as well as some additional parameters.  Chief among them is the purity of the source materials used.  The 
individual source materials must be carefully characterized to take impurity constituents (both molecular and 
isotopic) into account in the final calculation.   
 
Errors and uncertainties can arise from three primary sources (1) analyzer calibration (2) analyzer repeatability 
(precision) and (3) uncertainties in concentration of reference materials used for calibration.1  The contribution to 
the uncertainty can be obtained by propagating the standard uncertainties of each source.  To decrease the 
uncertainty, each parameter must be minimized.  This entails calibrating the instruments with the highest 
accuracy standards.  
 
Solid Isotopic primary reference materials, which can be combusted, are available in extremely limited quantities 
from the International Atomic Energy Agency (IAEA) and the US National Institute of Standards and Technology 
(NIST), formerly known as NBS.  However, quantities of these materials are typically limited to one reference 
material per laboratory every 3 years.  Laboratories are encouraged to develop their own working standards that 
can be used to calibrate samples.  Preparation of these standards often increases the total uncertainty of the 
measurements.  It is good analytical practice to matrix match the standard and sample as well as bracket the 
standards around the concentration of the samples.  Typically, 3 standards are the minimum required to assess 
linearity and accuracy.  How can this be accomplished with the limited range of standards available? 
 
This presentation will examine the isotopic mixture preparation process, for both molecular and isotopic 
concentrations, for a range of components and delta values.  The role of precisely characterized source material 
will be presented.  Analysis of individual cylinders within multiple batches will be presented to demonstrate the 
ability to dynamically fill multiple cylinders containing identical compositions without isotopic fractionation.  
Additional emphasis will focus on the ability to adjust isotope ratios to more closely bracket sample types without 
the reliance on combusting naturally occurring materials, thereby improving analytical accuracy. 
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